, and anatomically preserved wood ( Manchester, 1979 ( Manchester, , 1980 . The fossil record of leaves attributed to Malvaceae or its segregate families ranges from the Late Cretaceous to the late Neogene, including reports from the Cretaceous of North America ( Hollick, 1930 ( Hollick, , 1936 , lower Miocene of Europe ( Kva č ek et al., 2002 ; Kva č ek 2008 ), Miocene of Argentina ( Anz ó tegui and Cristalli, 2000 ) and late Oligocene of Africa ( Pan and Jacobs, 2009 ) .
Despite the extensive Late Cretaceous and Cenozoic fossil record of Malvaceae, molecular clock approximations infer fairly recent divergence times ( Wikstrom et al., 2001 ; Magall ó n and Castillo, 2009 ) . Magall ó n and Castillo (2009) estimated the divergence of crown group Malvales at 33.9 Ma, much younger than the Late Cretaceous/early Cenozoic fossil record of families within the order ( Magall ó n et al., 1999 ) . The underestimation probably results from a combination of low taxon sampling within Malvales and the use of derived fossil taxa as calibration points. The latter may mean that the estimated age for divergence of crown Malvales actually corresponds to divergences within the order and would thus decrease the " super high " diversifi cation rates estimated for Malvales by Magall ó n and Castillo (2009) . Here we describe a new species of the Malvatheca group from a middle to late Paleocene (58 -60 Ma) tropical rainforest in Colombia ). This species is assigned to Malvoideae, based on overall leaf morphology and the identifi cation of shared-derived characters among taxa within this group. To place this species, we explored leaf character distribution across the major lineages of this family as a means to overcome the family ' s natural variation and identify traits that may have become fi xed across clades. These fossil leaves document the earliest known megafossil occurrence for the clade Eumalvoideae in the neotropics and predate molecular clock-based divergence estimates by ~ 30 Myr, and the group's fossil pollen record by at least 9 Myr ( Muller, 1981 ; Pfeil et al., 2002 ; Koopman and Baum, 2008 ; Jaramillo et al., 2011 ) . Fossil pollen from the same formation as the leaf fossils demonstrates the occurrence of taxa within Bombacoideae, suggesting a noticeable diversity of the Malvatheca group in the neotropics by the middle-late Paleocene.
MATERIALS AND METHODS
The fossil leaves and pollen grains described were collected from the Cerrej ó n Formation, exposed in the Cerrej ó n coal mines in the Cesar-Rancher í a basin, northern Colombia (11 ° 9 ′ 14.58 ″ N, 72 ° 36 ′ 30.43 " W; Fig. 2 ). The Cerrej ó n Formation is a 700 m thick sequence of coal beds, fl uvial sandstones, and lacustrine siltstones; these deposits have been dated as mid to late Paleocene based on isotopic and biostratigraphic correlations ( Jaramillo et al., 2007 ) . The depositional sequence suggests paleoenvironments that range from coastal plains characterized by deltaic systems at the base of the sequence, to continental environments dominated by fl oodplains, swamps, and lagoons near the top of the formation ( Jaramillo et al., 2007 ) .
The 56 specimens assigned to this leaf morphotype (CJ26 of Wing et al., 2009 ) , vary from incomplete to nearly complete foliar compression fossils. Forty-nine specimens were found in a gray siltstone bed near the top of the formation (localities below coal seam 175: FH0705-6-8-11-12, GPS 11 ° 07 ′ 49.4 ° N, − 72 ° 34 ′ 60.5 ° W) that we infer to represent a swampy-lacustrine environment because the bed is very fi ne grained and laterally extensive; the other seven specimens come from a locality in the middle of the formation (locality below coal seam 100: FH0317, GPS 11.135N, − 72.57 ° W) that we infer was deposited in a fl uvial channel because it is composed of cross-laminated silt and fi ne sand and has a lenticular cross section.
Fossil leaves were described according to shape and venation characters using the terminology of Ellis et al. (2009) . Branching of costal secondary and agrophic veins are features of special importance in Malvaceae. We refer to branching of major or minor 2 ° veins toward the base of the leaf as proximal branching and branching toward the apex as distal branching ( Fig. 3A, B ) .
Type specimens were drawn under camera lucida on a Nikon SMZ1500 stereoscope and digitized with Adobe (San Jose, California, USA) Illustrator CS4. Specimens were photographed with a Nikon DS70 and DMX1200F and observed with epifl uorescence using a Nikon Eclipse 50i microscope coupled to a mercury lamp, to detect preserved cuticle fragments. When present, leaf fragments were removed from the specimen and treated with Calgon 10% solution for 7 d, rinsed, followed by digestion with 10% HF for 1 -2 h. Loose cuticle fragments were mounted in glycerin and observed under epifl uorescence.
An exhaustive morphological comparison was performed with numerous angiosperm families similar to Malvaceae using the National Cleared Leaf Collection stored at the Smithsonian Natural History Museum (USNM), and botanical specimens at the Harvard University Herbaria (A), United States National Herbarium (US), Herbario Universidad de Antioquia (HUA), and the Smithsonian Tropical Research Herbarium (SCZ). Over 375 genera of Euphorbiaceae, Moraceae, Bixaceae, Urticaceae, Cucurbitaceae, Sapindaceae, Vitaceae, Eleaeocarpaceae, and other families with palmately veined leaves were examined to establish similarities between the fossils and any of these lineages (Appendix S1; see Supplemental Data with the online version of this article). Once affi nities to distantly related lineages were discarded based on consistent morphological differences in overall venation and tooth characters, the fossil leaves were compared to a broad survey of Malvaceae. One hundred and seventy genera of Malvaceae were studied (Appendix 1); 81 of these were scored for 53 leaf morphology characters based on the Ellis et al. (2009) Manual of Leaf Architecture , including features of overall leaf shape, venation, and teeth (Appendix 2; online Appendix S2). The scored genera were chosen based on their inclusion in published phylogenetic analyses and thorough sample availability, taking into consideration that all of the major clades that have been proposed for Malvaceae were equally represented. This was especially an issue for the selection of genera of Malvoideae, given that this group outnumbers all other subfamilies in genera and species. In this case, a few genera of each of the main tribes (Hibisceae, Malveae, and Gossypieae; sensu Kubitzki and Bayer, 2003 ) were selected to keep a comparable number of representative genera for each subfamily. When possible, the species directly included in these published analyses were scored (see Appendix 3 for taxa and voucher information); otherwise, recent taxonomic treatments of the genera were followed for species selection to avoid misplacement of polyphyletic genera. In each case, several closely related species per genus were studied, and multiple specimens of each species were revised; taxa with multiple character states were coded as polymorphic.
Scored characters were optimized as unordered on existing phylogenetic topologies ( Seelanan et al., 1997 ; Alverson et al., 1999 ; Bayer et al., 1999 ; Nyffeler and Baum, 2000 ; Whitlock et al., 2001 ; Pfeil et al., 2002 ; Baum et al., 2004 ; Nyffeler et al., 2005 ; Tate et al., 2005 ; Wilkie et al., 2006 ; Le Pechon et al., 2009 ) using a Fitch algorithm implemented in the program MacClade v4.06 ( Maddison and Maddison, 2003 ) . Topologies were analyzed both independently and by combining them in a supertree topology.
Several large genera of Malvoideae are known to be polyphyletic, and their inclusion could potentially add noise to the results of the analyses. However, polyphyletic genera (such as Sida and Hibiscus ) generally consist of more than one lineage within the same tribe, and since this character exploration aims to look at a higher hierarchical resolution, the inclusion of polyphyletic genera did not have a major effect on the results. Character optimization did not confl ict between independent trees and the ' supertree ' . Most of the examined leaf features are highly homoplasious within Malvaceae, and for this reason, only characters inferred to be synapomorphic and characters conserved within various clades at various levels are discussed to support taxonomic affi nities of the fossil leaves.
Fossils are stored in the paleontological collections of the Colombian Geological Institute (INGEOMINAS) in Bogot á , Colombia (repository acronym ING).
SYSTEMATICS
Family -Malvaceae Juss.
Subfamily -Malvoideae

Morphogenus -Malvaciphyllum Anz ó tegui
Morphospecies -Malvaciphyllum macondicus M. Carvalho sp. nov.
Diagnosis -Leaves ovate, dentate to crenate, petiole doubly pulvinate. Length to width ratio ~1 : 1, apex shape straight. Base strongly cordate. Laminar surface pubescent. Primary veins actinodromous, 5 -9 basal primary veins; secondary veins craspedodromous, fi rst pair of costal secondary veins branching proximally and distally. Tertiary veins opposite convex to chevroned percurrent, fourth order veins mixed opposite/alternate percurrent, freely ending veinlets branched. Teeth two to three orders, symmetrical, convex-convex, principle veins of teeth medial and straight, accessory veins looped. References: 1, Anz ó tegui and Cristalli, 2000; 2, Berry, 1919; 3, Berry, 1924b; 4, Berry, 1930; 5, Fontaine, 1905; 6, Hickey, 1977; 7, Hollick, 1930 ; 8, Hollick, 1936 ; 9, Knowlton, 1899 ; 10, Knowlton, 1917 ; 11, Knowlton, 1922 ; 12, Kva č ek et al., 2002 ; 13, Kva č ek, 2008 ; 14, Lesquereux, 1878 ; 15, Lesquereux, 1883 ; 16, Lesquereux, 1887 ; 17, Lesquereux, 1891 ; 18, MacGinitie, 1974 ; 19, Schenk, 1890 ; 20, Unger, 1850 tooth apex, lacking any type of glandular swelling or projection. Accessory veins are present, looping symmetrically on the principal vein and forming a series of arches that terminate at the tooth apex ( Fig. 5F ).
Holotype hic designatus
Source, age, and stratum -Colombia, Rancher í a Basin, Cerrej ó n Formation, Cerrej ó n coal mine; ING 1410, ING 1411, ING 0617, and four other specimens were found at Pit Tabaco 1, locality 0317, placed between coal beds 100 and 102, coordinates 11.14 ° N, 72.57 ° W; ING 1357 , ING 1074 , ING 0617, ING 1077 , and 45 other specimens were collected in fi ve localities at Pit Tabaco Extensi ó n, between coal beds 170 and 175, coordinates 11.13 ° N, 72.58 ° W. The age of the entire coal-bearing section of the Cerrej ó n Formation has been estimated as middle to late . This age estimate is based on biostratigraphic correlations and has been described elsewhere ( Jaramillo et al., 2007 ) .
Systematic affi nity within angiosperms -Palmate leaf venation, toothed margins, and stellate trichomes are widespread and conspicuous in most Malvaceae ( Kubitzki and Bayer, 2003 ) . However, these characters occur in other lineages of angiosperms, refl ecting the repeated evolution of palmate venation patterns ( White, 2005 ) . Despite this evolutionary trend, tooth shape and venation characters exhibit familial and generic level consistency, being useful in taxonomic and phylogenetic studies at different hierarchical levels ( Hickey and Wolfe, 1975 ; Fuller and Hickey, 2005 ; Doyle, 2007 ) .
Teeth of Malvaceae follow a consistent morphological pattern different from that in other palmately veined lineages: they are symmetrical to asymmetrical laminar projections with a medial principal vein and generally have accessory veins forming a series of looping arches that terminate at the tooth apex ( Fig. 3G, H ) ; such teeth have been called malvoid ( Hickey and Wolfe, 1975 ) . Teeth of this type are observed in Malvaciphyllum macondicus . Principal (and accessory) veins terminate at the tooth margin without any type of glandular thickenings or processes such as mucros, papillae, or foramina found in other palmately veined, toothed angiosperm lineages.
Families with similar palmately veined, toothed leaves, such as Euphorbiaceae, Vitaceae, Gunneraceae, Moraceae, Rosaceae, among others (online Appendix S1), show distinctive tooth morphology, including various types of glandular thickenings and accessory veins that differ from those seen in extant Malvaceae and Malvaciphyllum macondicus (For detailed comparison between families, see online Appendix S1). Mucronate and glandular tooth terminations on asymmetrical teeth in Euphorbiaceae ( Klucking, 2003 ) and translucid papillae in Vitaceae distinguish the two most phenetically similar families from M. macondicus . Species of Bixaceae are closely related to Malvaceae, yet differ in having asymmetric teeth with a principal vein that terminates in the sinus and not the apex of the tooth. Eleaocarpaceae, a family that used to be part of Malvales but that is presently thought to be distantly related to Malvaceae, differs in having teeth with principal veins that extend beyond the blade lamina.
The combination of characters seen in Malvaciphyllum macondicus : palmately veined leaves, stellate and acicular trichomes, double pulvinus, and the distinctive tooth venation are consistent with and indicative of Malvaceae. There are not any other angiosperm lineages that exhibit this combination of characters. Etymology -The epithet " macondicus " refers to the fi ctional town Macondo, described by Gabriel Garc í a M á rquez (1970) in One Hundred Years of Solitude . This town epitomizes the lifestyle and culture of the Caribbean coast of Colombia, the area from which these fossils come.
Description -The fossil leaves are microphyllous to macrophyllous leaf compressions; the one complete petiole is 5.08 cm long × 0.37 cm wide, doubly pulvinate and terete. The laminar shape varies from ovate to elliptic, 9.25 (3.99 -17.54) cm (measured in 11 specimens) long and 8.85 (3.34 -16.4) cm (measured in 14 specimens) wide. The leaves exhibit a straight-sided, acute apex, and a base that is cordate, with a basal extension asymmetry and a refl ex angle ( Fig. 4B ) . The laminar surface is densely pubescent, covered with coalifi ed stellate and acicular trichomes (observed in specimens ING 1410, ING 1411; Fig. 5D , E ). The primary vein framework is actinodromous, with 5 -9 veins arising from the base. Costal secondary veins are craspedodromous, excurrent on primary veins, and increasing in spacing proximally. Agrophic veins are compound, with the minor secondaries arising exmedially from the basal veins. The fi rst pair of costal secondaries and minor secondaries bear a pair of minor secondary veins that branch both proximally and distally close to the margin ( Fig.  5B ). Tertiary venation is opposite percurrent, concentric to the base of the lamina; costal tertiaries are sinuous to straight; epimedials are admedially perpendicular to the midrib and exmedially parallel to costal tertiaries. Fourth order veins are mixed opposite/alternate percurrent; fi fth order veins are regular reticulate. Tertiary and fourth order veins are very thick compared to primary veins. Areolation is well developed with branched freely ending veinlets, and the ultimate marginal venation is looped.
The teeth are regularly spaced, 5 cm on average (minimum 2, maximum 7), and occur in two to three discrete orders of teeth distinguished by their size and the gauge of the veins that enter them ( Fig. 4A ) . The fi rst order teeth are generally present and supplied by the fi rst pair of lateral primaries; they are convexstraight in shape, and their sinuses vary from curved to angular. Second and third order teeth are consistently present and are supplied by second and third order veins, respectively; they have angular sinuses, and their shapes range from convex-convex to fl exuous-fl exuous, symmetrical to slightly asymmetrical. All teeth exhibit a medial principal vein that terminates at the eumalvoids is supported by the occurrence of the two characters that are unique to Eumalvoideae as well as the similarity in overall leaf architecture. Given that most other features are highly homoplasious, we consider that the costal secondary and minor secondary vein branching, and the number of orders of teeth evolved only once within the Malvaceae and support the relationship between M. macondicus and stem group Eumalvoideae. Even though most taxa in this group are known to have small leaves markedly different from the mesophyll and macrophyll leaf blades of M. macondicus , large leaves are commonly found in tropical and subtropical genera such as Hibiscus , Wercklea , and Malvaviscus . These genera share the same set of characters and show the greatest overall similarity to M. macondicus .
Comparison to fossil Malvaceae -The conspicuous palmate venation and double pulvini in most Malvaceae have been prevalent in fossil leaves that date back to the Late Cretaceous, such as " Tilia " populifolia ( Lesquereux, 1883 ) , " Tilia " cretacea , " Pterospermum " conforme , and Apeibopsis atwoodii ( Hollick, 1930 ) , among others. Many fossil leaves have been described as related or similar to Malvaceae, although the accuracy of the systematic assignments is questionable.
The diagnostic characters, in particular the distal and proximal branching of secondary veins in Malvaciphyllum macondicus, are not found in most of the fossil leaves previously described as Malvaceae ( Table 1 ). The fossil genus Malvaciphyllum Anz ó tegui was described from two species of fossil leaves from Miocene and Pliocene deposits of Argentina and Brazil, respectively, and was initially related to extant Abutilon ( Anz ó tegui and Cristalli, 2000 ). This morphogenus is the only malvalean fossil to exhibit the same proximal and distal branching patterns as M. macondicus . Given that this character suggests affi nities to the Eumalvoideae clade, we consider Malvaciphyllum as part of the stem group of this clade, and we include the fossils described here as a new species of this fossil genus. The consistently smaller (notophyll) size, prominent rounded lobes, mostly crenate margins, opposite-percurrent fourth order venation, and lack of pulvini in M. quenquiadensis ( Anz ó tegui and Cristalli, 2000 ) differs from the mostly mesophyll-sized, unlobed, markedly dentate or crenate and pulvinate M . macondicus leaves. These features are used to support species delimitation.
In examining fossil leaves described as Malvaceae, we did not fi nd a special affi nity of Dombeya novi-mundi to extant Dombeya or the clade that includes this genus. Dombeya novimundi , described by Hickey (1977) , is known from Eocene deposits of Wyoming and North Dakota, and is one of the few fossil leaf taxa assigned to a modern genus of Malvaceae. As with most fossil leaves attributed to this family, D. novi-mundi is characterized by having 5 -7 actinodromous primary veins, a toothed margin, a pulvinulus at the base of the leaf blade, and concentric, opposite percurrent tertiary veins with well-developed Character optimizations and affi nities within Malvaceae -Simple, palmately veined leaves with dentate-crenate margins are common in six of nine subfamilies within Malvaceae, including Byttnerioideae, Grewioideae, Helicteroideae, Tilioidae, Dombeyoideae, and Malvoideae. All leaf architecture characters were optimized on a supertree of Malvaceae as a means to explore for leaf characters that have become fi xed at various clade levels and could potentially prove to be useful for leaf identifi cation within a family of ~4500 spp. Over 90% of the leaf characters scored and mapped on the supertree compiled for Malvaceae are highly homoplasious at family level (online Appendix S3), refl ecting the repeated convergence of leaf morphology within this group and the diffi culty of addressing infrafamilial relations of fossil leaves. However, some character states are conserved at lower hierarchical levels. When combined, conserved characters can help distinguish between leaves of some lineages within the family ( Table 2 ) .
Malvaciphyllum macondicus exhibits the same character combination that is distinctive to the clade Eumalvoideae of Malvoideae (see Table 2 ). Eumalvoideae (former Malvaceae sensu stricto) holds the highest number of species in Malvaceae and occurs in a wide variety of habitats ( Kubitzki and Bayer, 2003 ) . Habitat variation is refl ected in a wide range of leaf shape, size, and venation that vary from small, reduced leaves of species growing in desert or upland habitats ( Nototriche , Fuertesimalva ) to large, deeply cordate leaves of lowland tropical species of genera such as Abutilon and Hibiscus . Despite this variation, the general pattern of leaf venation of Eumalvoids is characterized by simple, dentate leaves with actinodromous venation and more than fi ve basal veins, compound agrophics, craspedodromous secondary veins, alternate percurrent third and fourth order veins, and branched freely ending veinlets.
In particular, two character states that are recovered as restricted to Eumalvoideae and differentiate this group from other subfamilies are also present in the fossil leaves. The proximal and distal branching of secondary veins refers to the orientation of veins of secondary or nearly secondary gauge that branch from the basalmost major or minor secondary veins ( Fig. 3A  and B ) . In most Malvaceae, including Eumalvoideae, lateral primaries that innervate the lobes branch both proximally and distally, but only in Eumalvoideae do costal secondaries branch on the distal side near the margin ( Figs. 3A, B, 6 ). The second character state recovered as synapomorphic for Eumalvoideae is the presence of three distinct orders of teeth, refl ecting differences in the size of the teeth fed by primary, secondary, and tertiary veins. In other lineages in the family that have one or two orders of teeth, the teeth are fed by secondary and tertiary veins ( Fig. 3C -E ) .
These two characters -the costal secondary and minor secondary vein branching as well as three orders of teeth -distinguish Eumalvoideae from all other lineages of Malvaceae that have similar leaf architecture. The affi nity of M. macondicus to tectate, exine 2 µ m thick, nexine 0.5 µ m thick, columellae 1 µ m thick, tectum 0.5 µ m thick, columellae distinct, long, present only under muri of reticulum, tectum reduced to reticula; sculpture reticulate, heterobrochate, lumina 1 -3 µ m wide at apocolpia and surrounding the colpi, almost foveolate (lumina 0.5 µ m wide) at mesocolpia, muri pluricolumellate, 1 µ m wide, the transition from reticula to foveolae is gradual although in short distance, sometimes a pseudo-line separates foveolae from reticula. Dimensions: equatorial diameter 25 (38.5) 50 µ m, SD 4.9, N = 40; equatorial diameter length/width 1.1. The pollen morphology of Bombacacidites annae is very similar to the Bombax -subtype of Nilsson and Robyns (1986) , that is characteristic of several genera including Aguiaria , Bernoullia , Bombacopsis , Bombax , Eriotheca , Pseudobombax , and Spirotheca ( Nilsson and Robyns, 1986 ) within the clade Bombacoideae.
DISCUSSION
Leaf character considerations -Leaf architecture characters were optimized on pre-existing phylogenetic hypotheses as a means to assess within-group character variation and in shape, seeming almost hook-shaped, and are fed by secondary veins (rarely tertiary veins) that curve as they enter the tooth ' s laminar projection. Teeth of D. novi-mundi are similar to those of some taxa in Grewioideae (such as species of Heliocarpus and Luehea ) and Byttnerioideae ( Abroma spp.), which used to be included in former Tiliaceae and Sterculiaceae, respectively, and might have directed the original designation proposed by Hickey (1977) . As former Sterculiaceae have been shown to be polyphyletic and are now included in various subfamilies of Malvaceae, this leaf morphology is more widespread than previously thought. Dombeya novi-mundi is probably related to Malvaceae, but subfamily-level designations cannot be fully resolved with the existing characters, and affi nities to extant Dombeya need further support from other features.
Pollen record -The fossil pollen Bombacacidites annae ( Van der Hammen, 1954 ; Germeraad et al., 1968 ) is very common in sediments of the Cerrej ó n Formation ( Fig. 7 ) ( Jaramillo et al., 2007 ) . The pollen is a monad, radial, isopolar, with amb triangular-obtuse-convex to almost circular; aperture tricolporate, ectocolpi costate, very short, colpi slightly protruding, costae 3 µ m wide, endopore lalongate, pores indistinct; semi- co-occurring, clade-fi xed traits that were reliable for developing hypotheses of natural affi nities. Two characters were recovered as co-occurring and restricted to clade Eumalvoideae: the number of orders of teeth and the branching pattern of major secondary veins ( Fig. 6 ) . Despite the association of leaf traits with environmental factors, the restriction of these to a particular clade may refl ect the expression of underlying developmental factors. Major veins have been shown to function as long-distance distribution lines of water through the leaf ( Roth-Nebelsick et al., 2001 ; Sack and Holbrook, 2006 ) as well as biomechanical support for the leaf blade ( Niklas, 1999 ) . Likewise, theoretical modeling of biomechanical responses in leaves has shown that the local structure of venation networks responds to mechanical stress and tensile forces ( Corson et al., 2009 ( Corson et al., , 2010 . The increased size of the teeth fed by secondary veins relative to teeth fed by tertiary veins, and the resulting exmedial demand for biomechanical support and/or water supply, may thus explain the presence of the proximal and distal branching in Eumalvoideae. Another possibility is that the major vein branching and increased size of the teeth fed by secondary veins relates to the need to release excess water that is common in the riparian environments inferred for Malvaciphyllum macondicus (see Paleoecological insights ). This, however, is not the case for some of the extant species that show this trait, such as Wercklea and Malvaviscus , which can inhabit more xeric habitats ( Fryxell, 1981 ; Turner and Mendenhall, 1993 ) . Whether the difference in tooth size refl ects a change in the overall construction of these leaves cannot be determined simply by observing patterns of correlated evolution. The co-occurrence and restrictedness of these two traits, however, offers a recognizable distinction between the leaves of Eumalvoideae and all other Malvaceae that supports natural affi nities for the fossil here described.
Malvoideae fossil record -The macrofossil record for Malvoideae is sparse when compared to the extensive fossil record for other subfamilies within Malvaceae ( Manchester, 1992 ) . Macrofossils related to Malvoideae include leaf compressions of Malvaciphyllum quenquiadensis , which Anz ó tegui associated with Abutilon (see Comparison to fossil Malvaceae ), and several fruit compressions assigned to Hibiscus and Malva from the Miocene and Eocene of the United States ( Berry, 1929 ; Brown, 1934 ) , and the Eocene of Patagonia, (formerly dated as Miocene; Berry, 1925 Berry, , 1929 Berry, , 1938 Wilf et al., 2005 ) . However, these fossils were initially described based on morphological resemblance, and natural affi nities for most of them remain untested. The distinctive echinate, multiporate pollen morphology of Malvoideae has been used as evidence for tracing back this group in the fossil record; however, no detailed SEM studies have proven the affi nity of these pollen grains. The earliestdispersed pollen remains include Echiperiporites estelae , from the early Eocene (51 Ma) of Colombia and Malvacearumpollis bakonyensis , known from the late Eocene/early Oligocene sedimentary sequences of the Murray Basin of Australia (ca. 35 -37 Ma; MacPhail and Truswell, 1989 ; MacPhail, 1999 ) .
Based on Eocene pollen from Venezuela (37 -40 Ma) and the records from the Murray Basin, Koopman and Baum (2008) estimated a divergence age for Eumalvoideae of 29.7 -32.5 Ma. Malvaciphyllum macondicus shows that this group occurred in northern South America by 58 -60 Ma, predating the earliest reliable pollen record by ~9 Ma (see Jaramillo et al., 2011 ) and arguing for a much earlier origin than that suggested by molecular Fig. 6 . Character optimizations on one of the supertrees compiled for Malvaceae. Arrows indicate Eumalvoideae clade (based on Seelanan et al., 1997 ; Alverson et al., 1999 ; Bayer et al., 1999 ; Whitlock et al., 2001 ; Pfeil et al., 2002 ; Baum et al., 2004 ; Nyffeler et al., 2005 ; Malvaciphyllum macondicus in northern South America during the late Paleocene requires that either dispersals from Australasia into South America occurred before 60 Ma or the earlydiverging Eumalvoideae had a different distribution than previously thought.
Malvaciphyllum macondicus and the record of Bombacacidites annae in Cerrej ó n imply that both Eumalvoideae and Bombacoideae were present in South America by the middle Paleocene. The oldest pollen of Bombacoideae is found in Maastrichtian (~70 Ma) deposits of the Gulf Coast ( Wolfe, 1975 ) , and it appears in tropical South America by mid-Paleocene (60 Ma; Jaramillo et al., 2011 ) . Given that the oldest fossil record of Bombacoideae is centered in North and South America, and since Eumalvoideae (as well as the Australasian genera Lagunaria , Howittia , and Radyera ; see Fig. 1 ) should have diverged before 60 Ma, we consider that present-day distribution interpretations do not need to rely on long-distance dispersals across the Pacifi c into South America. It is possible that these taxa had a much broader distribution in the past, favored by warmer climatic conditions and continental landmasses at closer proximity than today.
Several scenarios could be proposed for explaining current and past distributions for Eumalvoideae, none of which are fully falsifi able with present data.
Scenario 1 -Eumalvoideae could have originated in the neotropics and remained present there ever since; dispersal across the Pacifi c or through Antarctica (see Scenario 2 ) and regional extinction of basal genera in the neotropics would explain extant distributions of the Australasian genera. This would be consistent with the occurrences of Eumalvoideae and phylogenetically related Bombacoideae in the northern South American fossil record.
The extensive pollen record of Bombacoideae shows the earliest occurrences for the group in the Gulf Coast of the United States during the Maastrichtian and an earliest appearance in South America by the middle Paleocene. Under this scenario, Bombacoideae and Malvoideae could have originated in North America by the Late Cretaceous, and further dispersion of both groups would explain the fossil record in northern South America and the proposed origin of eumalvoids in the neotropics during the Paleocene. This opens the possibility of a dispersal route from North to South America during the middle Paleocene, possibly through a Caribbean volcanic arch that briefl y connected North and South America at this time Cardona et al., 2011 ) . This same dispersal pattern has been proposed for Ulmaceae ( Jaramillo and Dilcher, 2001 ) .
Scenario 2 -Eumalvoideae reached South America from Australia before the opening of the Tasman Strait and the Drake Passage. Evidence of biotic interchange between Australia and South America has been found in the Eocene of Argentina ( Zamaloa et al., 2006 ) , and globally warm climates are thought to have permitted migration of thermophilic plants and animals among high latitude southern continents ( Wilf et al., 2005 . The Drake Passage opened in the late Eocene (~41 Ma), ending the land connection between Australia and South America ( Kennett, 1977 ; Scher and Martin, 2006 ) . The hypothesized movement of eumalvoids across high southern latitude land bridges would agree with earlier ideas for the biogeography of the lineage ( Baum et al., 2004 ) and implies the occurrence of late Cretaceous or early Paleocene Malvoideae in Australia and/or southern South America; however, no fossils of this age clock inferences ( Koopman and Baum, 2008 ) . The low number of calibration points and the derived nature of fossil taxa available for this group make molecular clock estimation of divergence dates susceptible to possible underestimations. Evidence for divergence earlier than 40 Ma for Eumalvoideae is not surprising and has been suggested elsewhere, based on the derived nature of the earliest fossil pollen attributed to the group ( Pfeil et al., 2002 ) . Pollen of Eumalvoideae seems to be lacking from the Paleocene deposits of South America. The Paleocene occurrence of eumalvoid leaves is consistent with the idea that the pollen morphology of eumalvoids evolved later than the distinctive leaf morphology, supporting Malvaciphyllum as a stem group of this clade.
Biogeographical considerations -The sparse fossil evidence for Malvoideae has led various authors to advocate for biogeographical scenarios mostly based on extant distribution. The basalmost lineage of Malvoideae is a clade of neotropical trees: Quararibea , Matisia , and Phragmotheca . Sister to this clade is Eumalvoideae, nested within a grade of Australasian genera including Lagunari a, Howittia , and Radyera ( Figs. 1  and 6 ). The restricted distribution of this grade has been interpreted by Baum et al. (2004) as suggestive of an Australasian origin for Eumalvoideae, in which case, the neotropical lineages within the group would have arrived via trans-Pacifi c dispersal.
There is little doubt that dispersal has played an important role in the history of Malvoideae, and colonization events have been reported for various lineages within this group ( Fuertes-Aguilar et al., 2002 ; Koopman and Baum, 2008 ; Wagstaff et al., 2010 ) as well as for closely related Bombacoideae ( Dick et al., 2007 ; Tsy et al., 2009 ). However, the presence of have been yet recovered, and the Gulf Coast-centered record for its sister group, Bombacoideae, seems to confl ict with this view. Scenario 3 -A third possible dispersion route, neither transPacifi c ( Baum et al., 2004 ) nor Antarctic (as in scenario 2), could have been across high northern latitudes. There are multiple examples of animal and plant taxa moving across high latitude land bridges and into South America in the Paleogene, including arctostylopid mammals ( Missiaen et al., 2006 ) , Salvinia , and Anacardiaceae ( Manchester et al., 2007 ) . Even though no fossil Malvaceae from Asia or Europe support this hypothesis, the earliest fossil record of Bombacoideae does occur in North America; more material from other areas may help test this possibility.
Divergence time estimates and evidence for past distribution for eumalvoids remain elusive, such that hypotheses of origin and diversifi cation at its basalmost nodes are still poorly supported. The pre-late Paleocene divergence suggested here for eumalvoids sets this group in a time when warm climates seem to have favored thermophilic plant and animal dispersal at high latitudes ( Wolfe, 1978 ; Tiffney and Manchester, 2001 ; Missiaen et al., 2006 ) . New calibration points for molecular clock approaches are still needed within Malvoideae to have a better understanding of the times of origin and radiation of this group, however, as the nodes for this group are pushed further back in time, the effects of past extinctions, radiations and dispersals become greater, and the explanatory power of extant distributions decreases.
Paleoecological insights -The Cerrej ó n fl ora resembles extant neotropical rainforests in terms of rank -order abundance and fl oristic composition, mean annual temperature and precipitation ). This fl ora has been interpreted to represent tropical wetland vegetation, preserved in low-energy depositional environments. The abundance of small, young leaves, as well as large blades of Malvaciphyllum macondicus in fi ne-grained sediments suggests little predepositional transport and therefore that the plants grew in the local setting of lower delta plain lakes, ponds, and swamps. In these environments, a large number of leaves could have been deposited and buried.
The Eumalvoideae include a large number of herbaceous and woody species occurring in diverse habitats from tropical to temperate environments. In lowland tropical forests, eumalvoids are frequently associated with naturally disturbed habitats such as forest gaps, riverbanks, and along deltas (i.e., Talipariti spp.). These plants tend to grow in dense populations along river margins and swamps , consistent with sedimentological evidence for the sites where we recovered Malvaciphyllum macondicus fossils. Other fossil plants with similar inferred habitats and ecological characteristics co-occur with M. macondicus , including the heliophyte Montrichardia aquatica ( Herrera et al., 2008 ) and various species of palms ( G ó mez-Navarro et al., 2009 ).
The occurrence of Malvaciphyllum macondicus , along with two other malvalean fossil leaves from Cerrej ó n fl ora not described in this study (morphotypes CJ25 and CJ36; see Wing et al., 2009 , Supporting Information) , and the high pollen abundance of Bombacoideae suggest that derived lineages of Malvaceae were already a diverse element of neotropical rainforests of the late Paleocene. This adds specifi city to previous observations that the middle-late Paleocene rainforests of South Amer- 
